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Abstract 

Modulated molecular beam experiments were performed to study the reduction of 
chemisorbed oxygen by hydrogen on Pt(S)-[9(l 1 l)x(lOO)] in the temperature range 400 to 
1000 K. At temperatures below 700 K water was formed via a process with an apparent 
second order dependence on adsorbed hydrogen atoms. This dependence was believed to be 
due to short surface lifetimes of hydroxyl species. The process showed an activation energy 
of 20.8 kcal/mol. Consideration of the reaction energetics suggests this value is a composite 
of the equilibrium between adsorbed oxygen atoms, hydrogen atoms, and OH and the 
reaction between H^^^ and OH^^^ to form H2O. At higher temperatures above 700 K a parallel 

process for water formation appeared. This process was associated with the strongly held 
oxygen atoms at the step sites. 
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Abstract 

The formation of water from an intermediate, I, and H2 on Pt(l 1 1) has been studied using 

static secondary ion mass spectrometry (SSIMS) at temperatures where the product water 
remains adsorbed ( < 160 K). The intermediate was prepared by the reaction of various 
amounts of preadsorbed with 0.25 monolayer (ML) of chemisorbed oxygen atoms, O 

(a). The reaction of H2 with I, and remaining unreacted 0(a), to form was followed by 

the time dependence of the SIMS H^O"^ signal. As the concentration of I increases, the 

amount of unreacted 0(a) decreases and the typically observed induction time decreases. The 
latter drops to zero when sufficient H2O (0.5 ML) is added to completely convert all the 0(a) 

(0.25 ML) into 1. We propose a structure for this intermediate and use it in a mechanism for 
the reaction H2(g)+0(a)-™*H20(a) on Pt(l 1 1) that is consistent with available experimental 

evidence. The mechanism involves formation of I ("induction period") and its reaction with 
hydrogen to form water ("rapid reaction"). 



f 1 Supported in part by the National Science Foundation, CHE 850541 3, and the Robert A. 
Welch Foundation. 
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Abstract 

Adsorbed hydroxyl (OH(a)) has been identified by HREELS as an intermediate in the 
reaction of H2(g) +0(a) H20(a) on Pt(l 1 1). This OH(a) is different from the product of 

the reaction of water with adsorbed oxygen atoms which also occurs on Pt(l 1 1). Adsorbed 
water made by reaction ofH2(g) +0(a) has a HREEL spectrum different from that of water 

adsorbed from gas phase and this is explained in terms of a difference in binding 

geometry for the two cases. Reaction generated water does not readily tilt to form hydrogen 
bonds. 
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Abstract 

Adsorption of hydrogen on oxygen covered Pt(l 1 1) is investigated in the temperature range 
300-600 K by titration of adsorbed atomic oxygen v^ith hydrogen from a supersonic beam. In 
most experiments the conditions were such that hydrogen adsorption was rate limiting for 
oxygen coverages larger than 10% of the saturation coverage. In that case, the hydrogen 
sticking probability is equal to the water formation rate per incident molecule. Activated and 
non-activated adsorption are observed. The two processes show qualitatively different 
dependences on oxygen coverage. The probability for non-activated adsorption does not 
depend on the coverage of disordered oxygen, but it increases with increasing order (on a 
scale of 2-4 atoms) of the adsorbed oxygen layer. The probability for activated adsorption 
decreases with oxygen coverage and is not sensitive to the order of the oxygen layer. Atomic 
steps change, above all, the adsorption characteristics at low coverages. We can exclude that 
steps are involved in the non-activated process. Under the experimental conditions in which 
hydrogen accumulates on the surface to a non-negligible coverage, we observe a phase 
separation between the hydrogen and oxygen, indicating a decreased binding energy of H 
atoms inside O islands on the surface. 
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Abstract 

Recently a kinetic model was proposed for describing the hydrogen-oxygen reaction on Pt 
(111). This model is based on the reactive-site mechanism, i.e. only a very limited number of 
Pt sites are considered to be catalytically active for the actual water formation reaction. Here 
we consider the implications of the model for the H2 — O2 reaction at low temperatures (< 

300 K) in more detail. Additional autocatalytic reaction steps between oxygen, and 

reaction intermediates are taken into account which enable the complete conversion of 
oxygen to H2O. The model is consistent with the observed transition from a reaction 

mechanism through which H2O can be formed at temperatures as low as 1 30 K to the much 

slower diffusion-controlled mechanism which was found to dominate at low oxygen 
coverages at higher temperatures (> 250-300 K). Using the same reaction parameters, data 
sets of Ogle et al. and Germer et al. can be simulated quite well with the model. The actual 
water-formation reaction (at the reactive site), the reaction between H2O and O atoms (at the 

"reaction front") and the adsorption of hydrogen appear to be the rate-limiting steps. The 
simulations indicate that the adsorption of hydrogen proceeds via a rather complex process, 
which is difficult to incorporate correctly in the model. 
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